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PREFACE

This document is a compilation of wind tunnel test information and
data collected at NASA facilities and submitted in fulfillment of

SADSAC dry run requirements,
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The primary purpose of this document is to demonstrate joint capa-
bility of the Space Shuttle Data Management System and the NASA facility
to convert wind tunnel test data into a data report using the SADSAC
Computer System. The SADSAC program used in this demonstration is the
Phase B Version I (dry run) system which is the initial Phase B program
configuration. The capability of tHis version is deliberately restricted
as its purpose is to demonstrate overall system through put capability;

The Version II program is slated for full Phase B operational capability.

The reproduction of plotsis by an interim XEROX means using a second-
ary master. Standard report reproduction will be by an offset process
using a direct film image offset master, Also, standard production plots

will be printed back to back, thereby reducing the bulk of the report.
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ABSTRACT

A 0.0038 scale model of the Martin Marietta Corporation
Phase A Space Shuttle Modified Obriter was tested in the NASA
MSFC l4-inch trisonic wind tunnel during March 1970. This force
and moment test was conducted to determine the effect of increased
camber on the orbiter stability characteris;ics. The model was tested
at a Mach number range of 0.4 to 4,95 at pitch angles of -4% to 25°
and at zero sideslip. Tbe model was tested with the elevomns and
rudders off, at elevon deflections of 0, -150, and -300, and at
zero rudder deflections. The purpose of this report is to present

the test data for this test,



TEST CONDITIONS
TEST MmafC TwWT 4523

REYNOLDS NUMBER DYNAMIC PRESSURE | STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
: 4.8 /0% / £+ 2.9
8 82 x/0%/$+. & 7
1.0 Q0 xJ0%/ft. | 10.9
1.2 9.2%/0% f+- 12.2
2.74 _14.9¢ 10%/¢+. £.3
3498 |56 *n%/f4 5.6
.95 |si2 2 oY £+ 3.

BALANCE UTILIZED: NASA MSFC 5/§ in. dia. Internal S'#’m!.f\_gaﬁe balance ¥ 226

COEFFICIENT
CAPACITY: ACCURACY : TOLERANCE
NF ‘-§I§O LbS. 2 .5 1bSs.
SF EO LS. . .
AF T 320 In=lbh. . .
PM 2 1.5 in-ib.
™ 2 ).O In-ih.
RM + 40 in-jp. ¥ .S inib.

COMMENTS: STATED ACCURACY 1S based on. }—epeaﬁb:lrl'\/
and Checle- IOn.d\ngS



DATA REDUCTION

Balance six component force and moment data were reduced
about the body axis with the origin at tﬁe model moment reference
point located as described on the Data Set Descriptor Sheet and
Figure 2, Forces and moments were converted to coefficient form
by use of the model total planform afea, total span, and total
body length. Base and balance chamber pressures were reduced to
coefficient form and used to provide an axial force coefficient
for the model with the base and balance chamber pressures adjust-
ed to the free stream static pressure. The total axial force
coefficients (Cp) were utilized to compute the stability axis

lift-to~-drag ratio (Ch)) values.



NOMENCLATURE

B2

w2

T1

R1

El

it

]

CONFIGURATIONS INVESTIGATED

Modified Orbiter Body

Modified brbiter Double Delta Wind

Vertical Stabilizer, Constant Taper, Constant
Sweep, Dimensions Include Rudder

Simple Hinged Rudder

Constant Chord, Simple Hinged Elevon

Refer to the immediately following pages for model component dimensional

data,

CONFIGURATIONS TESTED

B2W2E1

B2W2T1R1

B2W2T1E1R1

Figures 2, 3 and 4 are sketches of the MMC Modified Orbiter Configuration and

Figure 5 in a photograph of the model. Elevon and rudder deflection were

obtained by using interchangeable model components. Bounday layer transition

was initiated by utilizing carborundum grit strips on the model nose, wing



and vertical tail as follows:

Vertical
) Nose Wing Tail
Thickness (inches) 0.125 0.060 10,030
Location (inches aft of Leading Edge) 0.150 0.050 0.050
Grit Size: |
Mach number = 0.4 to 1.2 #120 #120 #120
Mach number = 2,74 to 3.48 # 80 #120 ~#120
Mach number = 4,95 # 36 }120 #120

All of the above distances were measured prependicular to the surface leading
edges, The orbiter model utilized in MSFC TWT 442 was modified and utilized
in MSFC TWT 453; the modification was the application of "DEVCOM" to the
external surfaces to increase the model camber. Six component force and
moment data were measured with the NASA MSFC No. 226, 5/8 inch diameter
internal strain gage balance. The balance chamber pressure was measured by
utilizing a pressure tube orifice in the model balance cavity. The base
pressure was measuring by using a pressure tube orifice in the model base
area, Differential pressure transducers, referenced to the facility pressure

reference system, were utilized to measure these pressures.



MODEL COMPONENT: BODY - B

ceneraL DescripTion: JNIODIFIED ORBITER [BopY

DRAWING NUMBER: WTE9/7002.
DIMENSIONS: FULL-SCALE MODEL‘ SCALE
Length Zés H 7 52 |n.
Max. Width /6.5 4+ .15 In.
Max. Depth 26.3 §+. ]1.2% IN.
Fineness Ratio 4 '7 4 .l 7
Area
Max. Cross-Sectional 8.2 #'*:L l. 42 \n"
Planform 3;6/0 'ﬂ + 2 . 50 ln?—
Wetted “,530 ‘HL 23. qq ) n-f’
Base 38. 64{11 8o ) nt




' 2
© MODEL COMPONENT: W InG =~ A/

DRAWING NUMBER: wWTée917002
DIMENSIONS - FULL-SCALE MODEL SCALE
TOTAL DATA
Area
Planform
Wetted
Span (equivalent) @I £ 3. 67 In.

Aspect Ratio
Rate of Taper
Taper Ratio

Diehedral Angle, degrees 0 -0

Incidence Angle, degrees (@) o)
Aerodynamic Twist, degrees (@) O
Toe-In Angle :
Cant Angle
Sweep Back Angles, degrees
Leading Edge é7.5 &7.
Trailing Edge — 30
0.25 Element Line
Chords:

Root (Wing Sta. 0.0)

Tip, (equivalent)

MAC, inches

Fus. Sta. of .25 MAC

W.P. of .25 MAC
Airfoil Section

Root

Tip

EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC




MODEL COMPONENT: ] AL ~ T
GENERAL DESCRIPTION: VE RT; c Al

_dimﬁnsmms_mr_m_d&_r_dder- |

DRAWING NUMBER: WTEN 1002
DIMENSIONS: | FULL-SCALE MODEL SCALE
TOTAL DATA
Area e
Planform 6@5 ‘ff [38 in
Wetted 2 e . Ind
Span (equwalent) +, i %% In.
Aspect Ratio . |. 38
Rate of Taper
Taper Ratio +303 . 303
Diehedral Angle, degrees 15 15
Incidence Angle, degrees
Aerodynamic Twist, degrees (o)
Toe-In Angle 5
Cant Angle
Sweep Back Angles, degrees
Leading Edge 48 _48
Trailing Edge ' 15 15
0.25 Element Line 41.5 4/1. 5
Chords:
Root (Wing Sta. 0.0) 3 f+ |.85 In.
Tip, (equivalent) O 4+ 41 in.
MAC, inches 23.6+£¢ .OS In,
Fus. Sta. of .25 MAC 1 740 In. &£.87 im.
W.P. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA
Area 65 Hz’ /3 nf'
Span, (equivalent) EX-E3 n.
Aspect Ratio /.38 l.- 28
Tgper Ratio « DO3 203
Chords
Root D34, .55 In
rwc) ::?:3 g,! £f ] g 1h
2 3. . n.
Fus. Sta. of .25 MAC

W.P. of .25 MAC




* woneL cowpoNeNT: RUDDE R ~ ,R'

GENERAL DESCRIPTION:

DRAWING NUMBER: WTEQ171002

DIMENSIONS: FULL-SCALE
Area 2 7‘1 ‘f'fl
Span (equivalent) 26.5f+
Inb'd equivalent chord 12 ft
Outb'd equivalent chord 8 ﬁ‘}
Ratio Elevator chord/

tail chord
At Inb'd equiv. chord o ;5.744
At Outb'd equiv. chord 823
Sweep Back Angles, degrees
Leading Edge 2 2.
Tailing Edge I E;
Hingeline 22

Area Moment (Normal to hinge line)

MODEL SCALE
.510 I1n"
1.218 In.
. 550.InN.

__.310 |n.

.374

823
22 -
15
22



 HODEL' COMPONENT ELEVON ~ E '

GENERAL DESCRIPTION: th,
hwngen /s von

DRAWING NUMBER: WT6917002
DIMENSIONS: FULL-SCALE MODEL SCALE
Area 351 §+% 13! In*
Span (equivalent) 28 :Ef' 1.277 In.
Inb'd equivalent chord X H" .S 25 N,
Outb'd equivalent chord 23 ‘F'T -5753 n.
Ratio Elevator chord/horizontal
tail chord
" At Inb'd equiv. chord 09%¢ 096
At Outb'd equiv. chord 371 .37/
Sweep Back Angles, degrees
Leading Edge ,30 30
Tailing Edge 30 30
Hingeline 30 30

Area Moment (Normal to hinge line)
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14'" x 14" Trisonic Wind Tunnel is
an intermittent blowdown tunnel which operates by high pressure air flowing
from storage to either vacuum or atmospheric conditions. A Mach number
range from . 2 to 5. 85 is covered by utilizing two interchangeable test sections.
The transonic section permits testing at Mach 0. 20 through 2. 50, and the super-
sonic section permits testing at Mach 2. 74 through 5.85. Mach numhbers between
.2 and . 9 are obtained by using a controllable diffuser. The range from .95 to
1. 3 is achieved through the use of plenum suction and perforated walls. Mach
numbers of 1.44, 1.93 and 2. 50 are produced by interchangeable sets of fixed
contour nozzle blocks. Above Mach 2. 50 a set of fixed contour nozzle blocks
are tilted and translated automatically to produce any desired Mach number in
. 25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately -40°F
dew point and 500 psi. The compressor is a three-stage reciprocating unit
driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated gate
valve. The controlled air flows through the valve diffuser into the stilling chamber
and heat exchanger where the air temperature can be controlled from ambient to
approximately 180°F, The air then passes through the test section which contains
the nozzle blocks and test region.

Downstream of the test section is a hydfaulically controlled pitch sector
that provides a total angle of attack range of 20° (+ 10° ). Sting offsets are
available for obtaining various maximum angles of attack up to 25°.

The diffuser section has movable floor and ceiling panels which are the
primary means of controlling the subsonic' Mach numbers and permit more
efficient running supersonically. The sector assembly and supersonic diffuser
telescope into the subsonic diffuser to allow easy access to the model and test section.

Tunnel flow is exhausted through an acoustically damped tower to atmosphere
or into the vacuum field of 42, 000 cubic feet. The vacuum tarks arec evacuated
by vacuum pumps driven by a total of 500 hp.

Data is recorded by a solid state digital data acquisition system. The digitai
data is transferred to punched cards during the run to be reduced later by a
computer to proper coefficient form.

The tunnel components and performance are discussed in more detail in

NASA TM X-53185, dated December 22, 1964, and NASA TM X-53113, dated
‘August 20, 1964.

13



SYMBOL
Ay
a

AR

SADSAC
SYMBOL

ASPECT

REFB

CATOTL

CABASE

CAFORE

CDTOTL

CD

CL

CRL

CSL

CWL

NOMENCLATURE

14

DEFINITION

base area; m2, ft2, in2

speed of sound; m/sec, ft/sec

aspect ratio, b2/S

wing span or reference span; m, ft, in
wing chord; m, ft, in

wing mean aerodynamic chord or reference
chord; m, ft, in

center of gravity
center of pressure

axial force coefficient, Fp/qS,q¢

base axial force coefficient, {(P.- Pp/q]
(Ap /Sref)

forebody axial force coefficient, C, -C Ap

drag force coefficient in the wind axis
system, Fp/q Syef

drag force 'coefficient in the stability axis
system, Fp/q Spef

lift force coefficient (stability or wing axis)
F1,/4q Syef

rolling moment coefficient in body axis
system, M,/q Sypef b

rolling moment coefficient in the stability
axis system, My s/q Syef b

rolling moment coefficient in the wind axis
system, Mx,w/q Sref b



SYMBOL

NOMENCLATURE (Continued)

SADSAC

SYMBOL

CNM

CNM

CWM

CN

CYM

CWN

CWN

CP

CY

REFL
L/D

MACH

15

DEFINITION

pitching moment coefficient in the body axis
system, My/q S, ot 2 ref

pitching moment coefficient in the stability axis
system, Cpp, o=Cp

pitching moment coefficient in the wind axis

.8ystem, I\Jy, w/q Sref ¥ ref

normal force coefficient in the body axis system,
FN/4 Syef

yawing moment coefficient in the body axis
system, M,/q S;ef b

yawing moment coefficient in the stability axis

system, Cn, s = Cn

yawing moment coefficient in the wind axis
system, M, .. /q Spef b

pressure coefficient, (p-ps)/q

gide force coefficient (body or stability axis
system), Fy/q Spef

axial force; N, 1b

drag force in wind axis system; N, 1b

drag force in the stability axis system; N, Ib
lift force (stability or wind axis system); N, 1b
normal force; N, 1b

side fc;rce; N, Ib

reference length ; m, ft, in

lift-to-drag ratio, C1/Cp

Mach number



SYMBOL

MRP

RN/L

Syef

NOMENCILATURE (Continued)

SADSAC
SYMBOL

MRP

Q(PsD
Q(PSF)

RN/L

REFS
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DEFINITION

abbreviation for moment reference point

rolling moment in the body axis system;
N-m, ft-1b

rolling moment in the stability axis system;

~N-m, ft-1b -

rolling moment in the wind axis system;
N-m, ft-1b

pitching moment in the body (or stability)
axis system; N-m, ft-1b

. pitching moment in the wind axis system;

N-m, ft-1b

yawing moment in the body axis system;
N-m, ft-1b

yawing moment in the wind axis system;
N-m, ft-1b

static pressure; N/m2; psi
total pressure; N/m2; psi

dynamic pressure; N/m2, psi, psf

Reynold's number per unit length; million/ft.

characteristic area; m?-, £t2

reference area; m2, ft2
temperature; °K, °C, °R, OF

speed of vehicle relative to surrounding
atmosphere; m/sec, ft/sec

i



SYMBOL

v

NOMENCLATURE (Continued)

SADSAC
SYMBOL

ALPHA

BETA

DIHDRL

PHI

PSI
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DEFINITION

velocity of vehicle relative to surrounding
atmosphere; m/sec, ft/sec

angle of attack, angle between the projection
of the wind X;,-axis on the body X, Z -plane
and the body X-axis; deg

sideslip angle, angle between the wind Xy, ~axis

and the projection of this axis on the body
X~Z-plane; deg

ratio of specific heats
wing dihedral angle; deg
control surface deflection angle; deg

positive deflections are:
“aileron -~ left aileron trailing edge down

elevator - trailing edge down
rudder - trailing edge to the left
flap - trailing edge down

‘tab - trailing edge down with respect
to control surface

air density; Kg/m3, slugs/ft3

pitch angle, angle of rotation about the body
Y-axis, positive when the positive Z-axis is
rotated toward the positive X-axis; deg

roll angle, angle of rotation about the body X-
axis, positive when the positive Y-axis is
rotated toward the positive Z-axis; deg

yaw angle, angle of rotation about the body
Z-axis, positive when the positive X-axis is
rotated toward the positive Y-axis; deg



SUBSCRIPTS

a

b

ref

NOMENCLATURE (Continued)

18

DEFINITION

aileron

base.

canard

elevgtor or elevon

flap

rudder or ruddervator
stability axis system
tail, or total conditions
wind axis system

reference conditions



TEST RESULTS

Balancelﬁroblems were encountered during TWT 453, The problems
were corrected immediately after their discovery. All tests conducted
with balance problems were re-run after the balance was repaired, The
MSFC TWT data acquisition system encountered an insoluable problem
during TWT 453, This caused sporadic bad data points; these bad

points were manually deleted from the data.

Check loads hung at the end of test 453 showed that a negative
normal force load of 100 lbs applied 3.3 inches aft of the model nose
caused model fouling on the balance chamber pressure tube, The pitching.
moment associated with this Ioading was found to be of a larger magni~

tude than encountered during the test,

Orbiter model elevons were not exactly symmetric., The right elevon
did not fit as closely to the fuselage mold line as did the left elevon.
The left elevon trailing edge extended slightly aft of the wiqg trailing

edge.,

19
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DATA DISPLAY INDEX

26



I. Single, Dependent Variable vs. Angle of Attack

Data Set

DATA DISPLAY INDEX

Ldentifier

R17021

517021
R17022
S17022
R17023
$17023
R17024
517024
R17025
S17025
R17026
$S17026
R17027
$17027
R17028
$17028
R17029
$17029

Data I
On Plot Page

Begins

1

6"

8
13
15
20

- 22
27
29
39
43
53
57
62
64
69
71
81

R Data Set Dependent Variables - CN, CNM, CAFORE, CABASE, L/D
S Data Set Dependent Variables - CL, CD

II. Multiple, Dependent Variable wvs., Angle of Attack
, Mach Data Begins

- Data Set Identifier Number On Plot Page
R17021 B17022 B17023 0.4 85
S17021 T17022 T17023 - 0.4 90
B17024 B17025 B17026 B17028 Bl7029 0.4 92
T17024 T17025 T17026 T17028 T17029 0.4 97
cL7024 c17025 Cci7026 C17029 0.8 99
ulr7024 U17025 U17026 Ul7029 0.8 104
D17025% D17026 D17029 1.0 106
V17025 V17026 V17029 1.0 111
El7024 £17025 £17026 £17029 1.2 113
W17024 Ww17025 w1l7026 w17029 ) 1.2 118
Fi17024 F17025 Fl7026 F17027 F17029 2,74 120
X17024% X17025 X17026 X17027 X17029 2.74 125
617025 617026 G17028 617027 17029 3.48 127
Y17025 Y17026 Y17028 Y17027 Y17029 3.48 132
H17024 H17025 H17026 H17027 H17029 4,95 134
217024 217025 217026 217027 217029 4,95 139

Data Set Type Dependent Variables
1) R, B,C,D, E, F, G, H CN, CNM, CAFORE, CABASE, L/D
2) S8, T,U,V,W, X, VY, 2 CL,CD
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I1I., Single, Dependent Variable Cross-Plots

Data Set Data Begins
Identifier On Plot Page
R17021 141
S17021 142 -
R17022 144
§17022 145
R17023 147
517023 148
R17024 150
S17024 151
R17025 153
S17025 155
R17026 159
S17026 161
R17027 165
$17027 166
R17028 168
517028 169
R17029 171
$17029 173

R Data Set Dependent Variables - CN vs., CNM
S Data Set Dependent Variables - CD wvs, CL, CNM wvs, CL

IV, Multiple, Dependent Variable Cross-Plots

Mach Data Begins
Data Set Identifier ' Number On Plot Page
R17021 B17022 £17023 0.4 177
S17021 T17022 T17023 0.4 178
817024 B17025 B17026 617028 B17029 0.4 180
Ti7024 T17025 T17026 T17028 T17029 0.4 181
Cci7024 Cc17025 Cc17026 €17029 0.8 183
Ul17024 ul7025% Ul17026 Uu179029 0.8 184
D17n25 017026 D17029 1.0 186
V17025 vi7026 vi7029 1.0 187
E17024 EL17025 E17026 £17029 1.2 189
wl7024 w17025 wil7026 wl7029 1.2 190
F17024 F17025 F17026 Fi7027 F17029 2.74 192
X17024 X17025 X17026 X17027 X17029 2.74 193
617025 617026 617028 617027 17029 3.48 195
Y17025 Y17026 Y17028 Y17027 Y17029 3.48 196
H17024 H17025 H17026 H17027 H17029 4,95 198
217024 217025 217026 217027 217029 4.95 199
Data Set Type Dependent Variables
1) R, B, C, D, E, F, G, H CN vs CNM
2) s, T, U,V, W, X, Y, 2

CD vs CL, CNM vs CL
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" NOTE:

Data plots are presented with faired lines between data points.
However, where the independent varizble was not a contirmousily
increasing function, or where the magnitudes of individual data
points resulted in irregular fairings, straight lines between

data points were substituted. It should also be noted thet Zor
some subsonic test conditions both the forebody axial force co~

‘,efficient, CAFCRE, and the base axial force coefficient, CABASE,

were negative.
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SYMBOL  KACH
* - 0,336

FARAMETRIC VALUES

BETA 9.555

REFERENCE FILE.

ELEVON

ANGLE OF ATTACK,

9,000

SMSFC 453 MMC MOD ORS B2W2E! DEL EO

5 10 15

(R17021)

20

ALPHA DEGREES

(v
(-]

REFERENCE INFORMATION

REFS
REFL
ReFs
XMRF
YHRF
2MURF

02 JUuL 70

0,116
0,646
0,435
9,435

4,600

0,045

PAGE

SQ.FT.
FT.
FT.
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NORMAL FORCE COEFFICIENT, CN°

SYMSOL

»

W

MHC PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS

TESTS AT MSFC THT

T ¥ F

0.9

.8

RN E NN TN NN I NEEEEE NN

-0,2

-0,3 [

~0.4

a a —_— s

st Lrte s b pq bt bt a v g ¢ e bt bg bt el tilseotn

b

0.5

MACH
0,336

BETA

0,655

REFERENCE FILE.

MSFC 453 MMC MOD ORB B2W2E1 DEL EO

ELEVON

S

10

“ANGLE OF ATTACK,

FARAMETRIC VALUES

0,059

15

20

ALPHA DEGREES

(R17021)

w
(=]

REFERENCE INFORMATION

REFS
ReFL
REFB
XMRF
YMRF
ZHRF

02 JUL 70

0,116
6.646
0,495
0,408
0,898
0.045

PAGE

SQ.FT.
F7.
FT.
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BASE AXIAL FORCE COEFFICIENT, CABASE

CTIVENESS TESTS AT MSFC THT

MMC PHASE A STS MODIFIED ORBITER CONTROL EFFE

~ SYKBOL HACH

*

08 LA I | T T
.07
.05
.04
, -y
.03
]
.02
r -
.01
b { -
! J
-l
00 % * > F + * *
-.01
3 -y
-.02
K
=939 -5 ) 5 15 20 25 30
ANGLE OF ATTACK, ALPHA DEGREES
FARAMETRIC VALUES . KEFERENCE INFORMATION
0.356 BETA 9,655 ELEYON 9,965 REFS G.116 SQ.FT.
REFL 0.646 FT.
REFB 0,405 FT.
XMRE 0.406
. YHRF 8.909
REFERENCE FILE. IHRE 0.045 .
(R17021) 02 JuL 70 3

MSFC 453 MMC MOD ORB B2W2E1l DEL EO

.
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MAC PHASE A STS MODIFIED GRBLTER CONTROL EFFECTIVENESS TESTS AT HSFC Tyl
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ANGLE OF ATTACK. ALPHA DEGREES
SYHBOL MACH FPARAMETRIC VALUES REFEKENCE INFORMATION
* 8.396 EETA 0,955 ELEVON 0,055 REFS 0.116 SR.FT.
» REFL 0.64¢ FT.
ReEFg 8.405 Fr.
XHEF 8.456
YHKRF 89.900
REFERENCE FILE, . ZHRF 8.6¢s
MSFC 453 MMC MOD ORB B2W2E! DEL EO (RI70213 @02 JuL 70 PAGE 4
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PHASE A STS MCDIFIED ORBITER CONTROL EFFE
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IVENESS TESTS AT MSFC THT
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SYMBOL KACH FARAMETRIC VALUES REFERENCE INFORMATION
* 8.396 - BETA 0,600 REFS 0.116 SQ.FT.
REFL 5,645 FT7.
KEF8 80,4065 FT.
XMRF 0,406
YMRF 0,000
" REFEKENCE FILE. INKF 8,045
MSFC 453 MMC MOD ORB B2W2E! OEL EO {R17021) 02 JUL 70 PAGE S
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ANGLE OF ATTACK., ALPHA DEGREES
SYHBOL  MACH FARAMETRIC VALUES REFERENCE INFORMATION
° 0.396 BETA 6,506  ELEVON 9,500 REFS 0.116 SQ.FT.
REFL 0.626 FT.
.REFB 0.495 Fil.
XHRF 0.406
THRF 8.504
REFERENCE FILE. . % ZHRF 8.545
(S17021) 02 'JuL 70 PAGE 3
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: * 0,396 EETA 0,850 ELEVON 9,060 REFS 0,116 SQA.FT.
REFL 0.645 FT.
ReFB” 6.405 FT.
XMRF 8.466
’ YMNRF 09,963
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PITCHING MOGMENT COEFFICIENT, CNM

MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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° $.198 XMRF 8.456
¥ 2,745 YHRF 0.665
X 3.479 REFERENCE FILE. ZHEF G.045
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SQ.FT.

REFS g.116
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* HSFC 453 MMC MCC OR3 E2W2El DEL EO (R17521) G2 JuL 79 9.395 REFS 0,116 SQ.FT.
x MSFC 453 MMC MOD CRE BIWZE1l E=-15 (B17G22) G2 Jut 75 REFL 0.646 FT.
a8 MSFC 453 MMC MCD ORB E2W2Ei E=-15 (817523) 02 JuL 74 REFB G.405 FI.
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YMRF 8,006
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REFERENCE FILE.



BASE AXIAL FORCE COEFFICIENT, CABASE

”»

]

MHC

PHASE A SIS'MQD{FIEQ ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT

08 77
.07
3 -~
06
.05
.04
<03
02
! -
<01
! o
;oo . ¢ =3 e e S e T s S s ]
-,01
]
-,02
E -
=939 ~s 5 10 15 20
ANGLE OF ATTACK, ALPHA DEGREES .
SYMBOL CONFIGURATICN DESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MCOC ORS B2u2E1 DEL EO (R17021) 02 JuL 70 5,395 REFS 0,116 SQ.FT.
x MSFC 453 KMC MOD ORB B2w2El £z-15 (817622) 02 JuL 70 REFL C.646 F7T.
o MSFC 453 MMC MOC ORE Bew2El £z-15 (817523) G2 JUL 76 REFB 6.405 FTY.
. : XHRF 0.4G6
YHRF 0,650
ZHRF 6,645
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* KSFC 453 MMC MOC ORB £2w2El CEL EO (K17G621) 02 Jul 79 9,395 REFS g.,136 se.rr,
x MEFC 453 MMC MCO ORB Baw2El £z-15 (817522) G2 JUuL 76 REFL 0,646 FT.
(<] MSFC 453 MHC MCC ORE BzwZEl £=-15 {B17623) 92 JuL 79 REFB 0,455 FT.
. XMRF 0.466
YMRF 6.650
IMRF 0.045
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* MSFC 453 MMC MOD ORB E2WZE3 DEL EO- (S176521) 92 JuL 78 8,335 REFS 0,116 SQ.FT.
x MSFC 453 MHC MCOD ORE BIwiEl g=-15 (117622) G2 Jul 70 REFL 0.646 FT.
a MSFC 453 MMC MOp ORB 22w2g! Es~15 (Ti7623) G2 Jul 7§ REFB 0,455 FT.
. XMRF 0,456
YMEF 84,655
ZMKF 8.G645
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* MSFC 453 MMC MOC ORB B2w2El DEL EO ($17621) G2 JuL 70 g.335 REFS 0.116 SR.FT.
X KSFC 453 MMC MOC ORB E2w2rl E=-15 €T17522) 692 JuL 716 REFL D.646 FT.
[ <] MSFC 453 MMC MCC ORE E2WZEl E=-15 (T17623) G2 JuL 70 REFB 0.405 FT.
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* USFC 453 MMC MOD CKB E2WZTIK1 E=0FF (B17624) g2 JulL 70 9,395 REFS 0,116 SQ.FT.
x MSFC 453 MMC MOD OR3 E2WZTIEIRL E=0 (B17525) BC JuL 76 REFL 0,646 FT.
<] MSFC 453 MMC MO ORS B2w2TiE1Ri E=-15 (B17626) 92 JuL 76 REFB G.405 FT.
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‘ SYHEOL CONFIGURATION DESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
» MSFC 453 MMC MOD ORB B2W2TIR!  E=OFF (B17024) G2 JulL 70 0,395 REFS 0.1%16 SQ.FT.
% MSFC 453 MMC MO0 ORB B2W2TIELRI E=0 (BI17525) G2 JUL 75 REFL 0.646 FT.
o MSFC 453 HMC HCC ORS B2W27if 1R! E=-15 (B17026) 02 JuL 75 REF3 5.455 FT.
o MSFC 453 MMC HCC ORB B2wW2TIELRL Ez-15 (B17523) G2 JuL 75 XHEF 0,456
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* WSFC 453 MMC MCD CRB B2W2TIR E=CFF (817524) 02 JuyL 78 0,395 REFS 0.116 S3.FT.
x MSFC 453 MMC MCO ORB B2w2TIELR1 E=0 {B17G625) 42 JyuL 70 REFL 0,646 FT.
a WMSFC 453 MMC MCD ORB B2W2TIELRI E=-15 {B817026) 92 JuL 76 REFB G,495 FT.
o MSFC 453 PHC MOD ORB EB2W2TIELRI E=-15 {B176238) G2 JyL 70 XMRF 0.456
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X HSFC 453 MMC MCO ORB B2W2TIEIR1 E=0 (B17G25) 52 JUL 75 REFL 9.646 FT.
a MSFC 453 MMC MCD ORES B2WZTIEIRL E=-15 (B17G26)y 52 UL 70 REFB 0,465 FT.
@  MSFC 453 MMC MOC GRE E2W2TIE1R1 E=-15 (817628) 02 JUL 75 XHMRF D456
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X MSFC 453 MMC MOD ORS B2wW2TIEIRI E=O {€175625) G2 Jub 70 REFL 0.646 FT.
[<] MSFC 453 MMC MCU QORE T2W2TIELRL £5-15 (C17626) G2 Jul 70 REFS 5,405 FT.
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* MSFC 453 MMC MCD ORE B2WZTIE1R! E=0 €C317525) G2 JuL 79 .REFL 0,646 FT.
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MMC PHASE A STS MGUIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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REFERENCE FILE.
PAGE 104

]

Iy

1E

HHC PHASE A STS MGDIFIED ORBITER CONTROL EFFECTIVENESS

STS AT MSFC TYT




TOTAL DRAG COEFFICIENT, CD

MMC

.

PHAQE'A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT

S0 { T 7
3 :i- ol
< -l
-5
1 -
+40 .
s o
«35
L / ’
«30 [ X
.25 /
R
.20 /
- -~
«15 ‘V/
- -
S ,/ .
. .’o
- t/
> | ﬂ =~
H—q-cﬁ:—-—""‘:— <
9250 =5 o s 10 s 20 25 30
. ANGLE OF ATTACK, ALPHA DEGREES
SYHEOL CONFIGURATICON DESCRIFTICHN DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* © MSFC 453 MMC MOD OEB B2W2TIR1 E=CFF (uirg24) G2 JyL 70 0.734 REFS g.116 SQ.FT.
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* MSFC 453 MKMC MOC CR3 S2WZTIE1R1 E=5 (p17525) 02 JUL 79 8.995 REFS 0.116 SQ.FT.
} MSFC 453 MMC MCOD CORB B2W2TIEIR1 E=~15 tp17626) gz Juk 74 REFL 8,646 FT.
a MSFC 453 MMC MOC ORB S2W2TIELIR1 E3-35 (017023) 0z Jul 76 REFB 6.455 £T.
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. E g MSFC 453 MHMC MOC ORB E2W2TIEIR! E=G (p17625) G2 JuL 74 5,935 REFS 0,116 SA.FT.
X MSFC 453 MMC MOD CRB E2W2TIEIR! E=-15 tp17c26) G2 Jul. 75 REFL 50,646 FT.
<] MSFC 453 MMC MCC ORE B2W2TIEIR1 E=-35 (p17823) G2 JuL 76 REFB 0.455 FT.
XMRF 6.456
YMRF 6,566
2MRF G.545
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MMC_PHASE A STS MODIF IED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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 d MSFC 453 MMC MOD GRB E2w2T1iEIR! E=0 (C17925) 02 JuL 75 9.995 REFS 0.116 SQ.FT.
% MSFC 453 MMC MID CRS E2WZTIELIRI E=-15 (pi7526) 52 L 74 REFL 0.646 F7T.
(<] KSFC 453 MMC MCD OR2 B2W2T1ELR1 E=-30 (D17529) 02 JuL- 78 REFB 0.405 FTY.
XMRF 0.466
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ZMRF 0,045
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® _ MSFC 453 MMC MOD ORB B2W2TIE1RI Ez0 (p17625) 02 JUL 75 0,995 REFS  _D.11s SQ.FT.
x MSFC 453 MMC MCO ORB B2W2TIEIRI E£=-15 (0176263 G2 JuL 70 REFL 0.646 FT.
a MSFC 453 MHMC MCD ORB B2W2TIEIRI E=z-30 1617623) 52 JuL 70 REFB 0.455 FT.
. ] XHRE 0.456
THRF 5,550
2HRF 6.045
REFERENCE FILE.
PAGE 110



3

LIFT COEFFICIENT. CL

HHC PHASE A STS HADIFIED QRBITER CONTROL EFFECTIVENESS TESTS AT HSFC TuT_

) 1) K
0.
. r -
o.e } .
[ / :
0.7 / .
0.6 A , -
[ > ]
s % 2
0.5 /.// o
0.4 .
0.3 L -
E ]
0.2 | -
0.1 ¥ ///‘/ -
0.0 / /
-0.1 | // .
-0.2 -
-0‘3 L -
3 -
-0 b -
9250 ~s 0 s 10 15 20 2 T
ANGLE OF ATTACK, ALPHA DEGREES .
SYHBOL CONFIGURATICON CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
*  HMSFC 453 MHMC MOC OR3 B2WZTIEIR E£:20 (v17025) 82 JuL 79 0.995 REFS  0.116 SQ.FT.
X MSFC 453 MHC MGG CRB B2W2TIEIRI E=-15 (v17026) 62 JUL 70 REFL  0.646 FT.
<] MSFC 453 MMC MCC ORE B2wW2TIEIRI E=-30 - (v¥17629) G2 JUL 75 REFB 0,455 - F7.
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YMRF g,.059
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x MSFC 453 MMC HCC CR2 E2W2TIELRI E=-15 tvi7626) G2 JUL 75 REFL 0.646 7.
[<] MSFC 453 MMC MCC ORE BZW2TIEIR1 E=-30 (v17G29) G2 JyL 79 KEF8 0,405 Ft.
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x MSFC 453 MMC MCC CRB E2W2TIE1R1 E=C tE17G25) €6 JUL 7¢ REFL 0.546 FT,
z a KHSFC 453 MMC KCC ORB E2WZTIE1R) E=-15 (E17G26) 6 JUL 75 REFB G.405 FT.
o KSFC 453 MMC MCD ORE Ba2W2TIELR1 E=-30 (E17G29) 66 JUL 79 x:g: 0.406
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* MSFC 453 MMC MOC ORB B2ZW2T1R1 E=OFF (E170624) 66 JuL 75 1.198 REF S 0.116 SG.FT.
X MSFC 453 MMC KOG GRE S2W2TIE1R1 E=0 {E£170625) €6 4U. TG REFL 0.646 F1I.
e MSFC 453 MMC MCD ORE E2W2TiEIR! E=-15 CEL17026) @6 JLUL 70 REFB 0.465 F1.
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® MSFC 453 MMC MOC ORB B2W2TIR1 £=0FF (E17524) 02 Jul 70 1,198 REFS 0,116 SA.FT.
X MSFC 453 MMC MOD ORB EZW2TIE!R1 E=0 (E317625) G2 JuL 70 REFL g.646 FT.
<] MSFC 453 MMC MCD ORBE B2W2TIEIRI E=-15 (E17626) 92 JuL 790 REFB 0.495 FT.
(-2 KSFC 453 MMC MOD ORE B2W2TIEiIRI E=-30 (EL170629) G2 JuL 70 XMRF 0.406
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MSFC 453 MMC MCC CRS B2W2TIEIKl E=-15
MSFC 453 MMC MCC ORB B2WZTIELIRI E=-30

ohxe
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DATA SET
(€17024)
(E17525)
{E17026)
(EL7G29)

DATE
g2 Jul 70
g2 Jui. 75
g2 JuL 79
G2 JuL 76

ALPHA DEGREES
MACH NUMEER

1.198

REFERENCE INFORMATION

REFS 0.116 SQ.FT.
REFL  0.646 FI.
REFB 00405 FT.
XMRF 0,406
YHRE 0,356
ZMRP 0.545
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PHASE A STS MADIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TW
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. ANGLE OF ATTACK. ALPHA DEGREES
SYNBOL  CONFIGURATION DESCRIFTION DATA ST  DATE MACH NUMBER  REFERENCE INFORMATION
®  KMSFC 453 MMC HCC OR3 E2W2TIRI  E=CFF (E17624) 06 JUL 76 .  1.198 REFS  0.116 SQ.FT.
X KSFC 453 MMC ¥OC CEE E2W2TIEIRL E=C (E17625) 66 JUL 75 REFL G.646 FT.
@  MSFC 453 MMC KOG ORS B2W2TIEIR! E=-15 (E17626) 56 JuL 79 REFB 6405 FT.
O  MSFC 433 HHMC KOG ORB B2W2TIE1R1 E=-3G (E17623) ©6 It 75 XHRF G.466
. YMRF 6.656
2MRF 0.643
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- MHC PHASE A STS MODIF ED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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SYMBOL CONFIGURATION CESCRIFTION DATA SET CATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MCC ORB B2W2TiRt (W17G24) 66 JuL 76 1.198 KEF S 0.1156 SQ.FT.,
X MSFC 453 MMC MOC CRE B2W2TIEIR! E=5 (W17625) 66 JulL 705 REFL 0.646 Fi.
a MSFC 453 MMC MCC ORE E2W2TIEIR] E=-15 (W17G26) 66 JUL 76 .REFB G.405 Fl.
[ 8 MSFC 453 MMC MOC ORB B2W2TIEIR] E=z-30 (Wi7g29) 66 JuL 7§ XMRF 0.466
. R ) YMRF 0.060
N . ) 2MRF . 0.045
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PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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SYHEOL CONF IGURATION CESCRIFTION DATA T DATE MACH NUMBER REFERENCE INFORMATION
s KSFC 453 MMC MOD ORB E£2w=2T1R1  E=CFF (Wilg24) @6 JUL 75 1.198 REF S 6.116 Sa.F71.
X MSFC 453 MMC MOD CRS £EZW2TIEIRY! E=G (W17G25) 66 JUL 76 REFL 0.646 £Fl.
Q KSFC 453 MMC MCC ORS E2W2TIE1R1 £3-15 {W175626) g6 JUL 76 REFB 0.465 FT.
' o KSFC 453 MMC MCC ORE E2W2T1E1R1 E=-3G (Wi7629) 66 JUL 7¢ XMRF 0.4G6
YMRF 0.500
. 2MKP G.045
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PHASE A STS MODIFIED CRBITER CONTROL EFFECTIVENESS

15 AT MSFC THT
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‘ANGLE OF ATTACK. ALPHA DEGREES
SYMEOL  CONFIGURATION DESCRIFTION BATA SET DATE MACH NUMBER REFERENCE INFORMATION
P MSFC 453 MMC MO OFS B2W2TIR1  E=OFF (F17624) G2 JuL TG 2.74G REFS 0.116 SQ.FT.
X MSFC 453 MMC MCO ORE Z2WRTIELRY E=O (F17625) G2 JuL 75 REFL 9.646 FT.
e MSFC 453 MMC MOD GZ3 S2W2TIEIRL E=-15 (Fi7626) 02 JuL 75 REFE G.455 FI.
o MSFC 453 MMC MCC OA3 E2W2T1ELR1 E£=-35 (F17627) 02 UL 76 XMRE 5458
¥ MSFC 453 MMC HOD CRZ E2W2TIEIR1 Ex-36 (F17G29) 02 JUL 73 YMRF 0.660
. IMRF 6,048
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MHC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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ANGLE OF ATTACK, ALPHA DEGREES
SYMEOL CONFIGURATION DESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MOD ORB B2W2TIR1 E=OFF (F317524) 02 JuL 70 2.740 REFS 6,116 SQ.FT.
x MSFC 453 MMC MOD ORB B2w2TIELEL E=0 1F175925) 62 Jul 76 REFL 0,646 FT.
[ <] MSFC 453 MMC MCD ORES B2W2TIELR! E=-15 (F17G26) g2 Jul 790 REFB 0,485 Ft.
[ -] MSFC 453 MMC HMOC ORB S82W2TIF1R1 E=-30 (F17027) g2 JulL 78 XMRF 6.406
¥ KSFC 453 MMC MCQ ORB B2W2TIELIR! E=-30 (F17623) 62 Jul 79 YHRF 0,660
pi 134 6.045
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PHASE A STS MADIFIED ORBITER CONTROL EFFE

IVENESS TESTS AT MSFC THT
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~ ANGLE OF ATTACK, ALPHA DEGREES
“SYMBOL  CONFIGURATION DESCRIFTION DATE MACH NUMBER  REFERENCE INFORMATION
* MSFC 453 MMC MOC CRZ E2W2TIR! E=CFF 62 JuL 79
X MSFC 453 HMC ML CRD w2T1E1RY E£=6 g2 JuL 765
[<] MSFC 453 MMC MCD QRS Siw2T1EIR! E€3-15 g2 JuL 74
© MSFC 453 MMC MOD CRE EZW2TIELIRI E£3-30 g2 JuL 70
¥ KMSFC 453 MMC MOD ORB B2w2TIEIRI E3-30 g2 JuL 76



MHC_PHASE A STS HODIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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ANGLE OF ATTACK, ALPHA DEGREES .
SYMEOL  CONFIGURATICN DESCEIFTION DATA SET DATE MACH NUMEER  REFERENCE INFORMATION
. MSFC 453 MMC hCC ORE E2WITIR!  E=OFF (F17524) 02 JuL 70 2.745 REFS 5.116 SQ.FT.
x MSFC 453 MMC HCO CRE BZw2Tlf1R1 E=5 (F17625) 02 JuL 76 REFL 0.646 FT.
a MSFC 453 MHC MCC ORZ Z2W2TIF1R1 E=-15 (F175626) 02 JuL 70 REFE G.405 FT.
o MSFC 453 MMC HCD GRS S2W2TIE1RE £2-35 (F17527) G2 UL 79 XNKF 9.456
¥ MSFC 453 KMC MCC GRS E2WZTIE1RY E=-30 (F17629) G2 JuL 70 YMRF 0,059
. IMRF G.G45
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FOREBODY AX!AL FORCE COEFFICIENT. CAFORE

MMC

PHASE A STS MOJIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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ANGLE OF ATTACK, ALPHA DEGREES .
SYMZOL CONFIGURATION CESCRIFTION DATA SET CATE MACH NUMBER REFERENCE INFORMATION
E J MSFC 453 MMC MCD ORE B2W2TIR! E=CFF {(F17524) g2 JuL 7G 2.740 REFS 0.116 SQR.FT.
X MSFC 453 MMC MCD ORZ B2W2TIEIR! E=5 (F175625) 62 JuL 76 REFL J.,646 FT.
[ <] MSFC 453 MMC MCC ORS S2W2TIEIRD £=-15 (F17G26) g2 Jul 76 REFB 8.465 FT.
o MSFC 453 MMC MCC ORB B2W2TIEIRL €£2-30 (Fi17627) g2 JuL 70 XMRF 0,406
y MSFC 453 MHC MCDC ORB 22W2TIE1R1 E=-30 (F17529) G2 JuL 79 , YMRP £.0890
: L ZMRF 0.045
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_MC_ PHASE A STS HCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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. ANGLE OF ATTACK. ALPHA DEGREES
sYMeoL CONFIGURATICN CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
» MSFC 453 MMC MOD OR3 B2W2TI1R1  E=OFF {x17024) G2 JuL 75 2.748 REFS 0.116 SQ.FT.
X MSFC 453 MMC MO OR5 S2w2TIE1R1 E=5 (X17525) 62 JuL 76 REFL 0.646 FT.
G HSFC 453 MMC MOD ORS 22w2TIEIRD E=-15 (X17526) 02 JuL 75 REFB 0.495 FT.
° WSFC 453 MMC MOD ORZ B2w2TIELR! E=-30 (X17627) 102 JUL 75 XMRE 0.456
M MSFC 453 MHC MOD OR3 B2w2TlEIR! E=-30 (X17629) G2 JuL 75 THRF 0.080
2uRE G.045
KEFERENCE FILE,
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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ANGLE OF ATTACK. ALPHA DEGREES
SYMBOL CONF IGURATICN DESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MOC ORE B2W2TIR1 E=CFF {X17023) 02 Jul. 70 2.740 REFS g.116 SQ.FT.
x MEFC 453 MMC MOD ORB S2W2TIELIR! £=5 (X17525) 62 JuL 75 . REFL 0.648 FT.
<} MSFC 453 MMC MCC ORE E2W2TIEIR! E=~15 (xX176z6) B2 JuL 70 REFB 0,405 F1.
Q MSFC 453 MMC MCD ORE B2WETIEIR! E=-30 {(X3170627)y 02 JuL 76 XMKE 0.406
¥ KSFC 453 MHC MO ORB BZHZTIEIRI g=-30 (%X37023) 0Oz JyL 70 YMRP 0.660
2VRF G.048
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HASE A STS NODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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ANGLE OF ATTACK, ALPHA DEGREES .
SYMBOL LONFIGURATION CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MESFC 453 MMC MOD ORB B2W2TIEIRI E=0 (G¢17525) 02 JuL 70 3.473 REFS g.116 SQ.FT.
b ¢ MSFC 453 MMC MOD ORB B2wW2TIEiR1 E=-1§ (G17626) 02 JuL 740 REFL 0.646 FT.
<] MSFC 453 MMC MOC ORE B2W2TIELIRY E=-15 (Gir028) 02 JuL 79 REFE 0,465 FT.
[<} KSFC 453 MML MOD ORP EB2W2TIELIR1 E=-30 (gir627)y G2 Jul 70 XMRF 0.456
¥ KSFC 453 KMC MOD ORE B2W2ZTIE1R1 £=-30 (G17623) 02 JuL 79 THRF 4,595
- IMRF 6.045
REFERENCE FILE.
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NORMAL FORCE COEFFICIENT., CN

HHC PHASE A STS MODIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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. ANGLE OF ATTACK, ALPHA DEGREES A
SYMSOL CONFIGURATICN CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MOD ORB DEW2TIEIRY E=0 €6176G25) 62 JuL 70 3.479 REFS 3,116 SQ.FT.
x MSFC 453 MMC MOC ORB S2WITIEIRI E=-15 (G17526) G2 JulL 76 REFL 5,646 Fi.
f ] MSFC 453 MME MOD ORB B2W2TIELR1 £:=-15 (617628) g2 JuL 70 REFB 0,405 FT.
(<) MSFC 453 MMC MCC ORB B2W2T!E£iR! E=-35 €G17527) 92 JuL 70 XMRF 9,456
v MSFC 453 MMC KO0 ORB E2W2TIEL1R! E=-30 €G170629) G2 JuL 719 YMRF 8,550
- ZHR‘F 8,048
REFERENCE FILE.
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- MMC'PQAQE'A SYS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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ANGLE OF ATTACK. ALPHA DEGREES

SYMEOL CONFIGURATICN CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MOC CR3 B2wW2TIEIR1 E=0 (G17025) G2 JuL 76 3.479 REF S 0,116 SQ.FT.
X MSFC 453 MMC MCC CR3 BIWZTIEIRL E=-15 (G17926) G2 JuL 75 REFL 0.646 FT.
a MSFC 453 MMC MCC G533 E2W2TIEIRY E=-15 (G17G268) G2 JuL 74 REFB 0.455 FT.
(4 MSFC 453 MMC MCC CR3 32wW2TIgIR1 E=-30 {617027) G2 JuL 76 XMRF 0,406
vy MSFC 453 MMC MCC CR2 B2W2TIELIRY E=-30 {617G29) 02 L 79 ;:E; g.g?‘g‘n
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J‘!MC' PHASE A STS MADIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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, ANGLE OF ATTACK. ALPHA DEGREES
SYMEOL CONFIGURATION DESCRIFTION CATA SET CATE MACH NUMEEK REFERENCE INFORMATION
* MSFC 453 MMC MCD ORB E2W2T1E1R1 E=G (G17025) G2 JuL 76 3.473 REFS 0,116 SQ.FT.
x MSFC 453 MMC MOD CR3 32W2TIEIR1 E=-15 (G17026) G2 JuL 75 REFL 0.636 FT.
B MSFC 453 MMC ¥CD O35 EIW2TIEIR: E=-15 €G17528) 02 JuL 716 REFE 0,465 FT.
° MSFC 453 MHC MCD CR3 E2W2TiEIRL E=-30 (G17527) G2 JuL 79 IMKRF 0.406
¥ MSFC 453 MMC MCO ORB B2W2TIEIR! E=-35 (G17G23) G2 JUL 75 ;:2; g.gg?
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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SYMSOL CONFIGURATICH DESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
s MSFC 453 MMC MCD ORS B2W2TIEIR1 E=0 (617825) G2 JuL 790 3.479 REFS 0,116 SQ.FT.
b ] MSFC 453 MMC MCC CRE SIW2TIELIR] E=-15 (G17626) 62 JuL 70 REFL 0.646 F7.
<] MSFC 453 MMC MCOC ORZ S2Zw2TiELIR! E=-15 (G17628) 02 JuL 70 REFB 9.465 FT.
(] MSFC 453 MMC MOD OGRS S2W2TIE1R1 E=-30 (G17627) G2 JuL 790 XMRFP 8.406
MSFC 453 MMC MOC ORB E2w2TIELIRD E=-30 (617623) G2 JuL 70 ;:g; ggag
. .04
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ANGLE OF ATTACK, ALPHA DEGREES
SYHEOL CONFIGURATION CESCRIFTION CATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MOD ORB B2W2TIELR! E=O (vi7G625) G2 JuL 70 3.473 REFS 9.116 SQ.FT.
x MSFC 453 MMC MCD ORB SEW2TIEIRL £=-15 (Y17026) G2 JuL 70 REFL 0.646 FT.
[ < MSFC 453 MMC MCC ORB SZW2TIEIR1 E=-15 (Y17628) ©O2 JuL 70 REFB 0.455 FI.
o HMSFC 453 MMC MOC ORS B2W2TIEIRY E=-30 {y17627) 902 JuL 740 XMRF 0,456
¥ MSFC 453 MMC MLD ORB E2W2TIEIRI E=-35 {Y17G23) G2 JuL 70 YMRF 0.655
’ IMKF G.045
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s!'lif'ﬂ: PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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SYMEOL CONFIGURATICN CESCRIFTION DATA &7 DATE MACH NUMBER REFERENCE INFORMATION

* MSFC 453 MMC MCOC ORS E2W2TIEIR1 E=0 (Y1705) 62 JuL 75 3.473 REFS 0.116 SQ.FT.

x MSFC 453 MMC MOD GRS E2WZ2TIEIR1 E=-15 €Y375z5) 02 JulL 76 REFL 0.646 FT.

<] MSFC 453 MMC MOD CRS EZ2W2TIEiR! E=-15 {Y17623) G2 Jul 76 REFB 0.495 fT.

[<4 MSFC 453 MMC MCD CRS BZW2TiELRI E=-30 {Y178z7) G2 Jul 765 XMRF 0.456

¥ MSFC 453 MMC MCD ORS E2W2TlE£:R1 E=-30 (Y17523) G2 JuLl 78 ;:E: g.?fg
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. TOTAL DRAG COEFFICIENT, CD ]
SYMEOL CONFICURATION CESCRIFTICN - DATA SET DATE MACH NUMBER REFERENCE INFORMATION
#  MSFC 453 MMC MCC GRS S2W2TIR1  E=OFF (u1792z) 52 JuL 70 6.797 REFS  0.116 SQ.FT.
A MSFC 453 MMC MO GRS BZW2TIEIR! £25 (U17025) 02 JuL 76 REFL g.6s€ FT.
a MSFC 453 MMC MCC OR2 22W2TIELIRY E=-15 (U17026) 02 JyulL 76 REFB 0.455 FT.
[ MSFC 453 MMC MCC ORS E2WZ2TICIR) E=-34 {u170623) G2 JulL 75 AMKF 8,406
- . YMRF 6,566
ZHRF G.045
REFERENCE FILE. )
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFLCTIVENFSS TESTS AT MSFC TUT
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PITCHING MOMENT COEFFICIENT, CNM

CONFIGURATION CESCRIFTION
MSFC 453 MMC MCU CRB B2W2TIR1  E=COFF
MSFC 453 MMC MO0 ORB B2W2TIELIRI £20
MSFC 453 MMC MCC ORB B2WRTIE1R1l E=-15

. MSFC 453 MMC MCD ORB B2W2TIE1R1 E=~30

REFERENCE FILE.

CATA SET
(u17524)
(U17625)
(U17526)
tu17523)

DATE MACH NUMBER
g2 JuL 70 a.797
g2 JuL 79
92 JuL 75

62 JuL 76

.030  .035

040 045

REFERENCE INFORMATION
SQ.FT.

REFS
REFL
REFB
XMRF
YMRF
INRF

[=Y Y=g L]

PAGE
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408
L0605
045

FTe.
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-
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MMC PHASE A STS MODIFIED GRBITER CONTROL EFFZCTIVENESS TESTS AT MSFC THT
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PITCHING MOMENT COEFFICIENT, CNM

Te0s f k | | N
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“<®435.s 0.4  -0.3 -0.2 -0.1 0.6 6.4 6.2 0.3 6.4 0.5 ' 6.6 0. 0.6 0.9 1,
s
NORMAL FORCE COEFFICIENT. CN
SYHSOL CONFIGURATICN DESCRIFTION DATA SET DATE XACH NMUMEER REFERENCE INFORMATION
* MSFC 453 MMC MCOC ORB E2W2TIEIRL £=0 (D17025) G2 JuL 70 8,996 REFS 0,116 SQ.FT.
x MSFC 453 MMC MC{ OFRB EB2W2TIEIR! E=-15 (D17626) G2 JyL 70 REFL 0,626 FT.
[<] MSFC 453 MMC MCD ORE B2W2TI1EIR1 E=-3 (017923) 52 JuL 75 REF2 0.4595 F7T.
XHRF 9,456
YREF 8,644
HRF G.0435
REFERENCE FILE.
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MMC PHASE A STS MCDIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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TOTAL DRAG COEFFICIENT, CD
SYMEOL CONFIGURATION CESCRIFTION DATA SET CATE MACH NUMBER REFERENCE INFORMATICON
% MSFC 453 MMC MOC ORB B2WZ2TIELIR! E=0 (viro025) G2 JuL 70 0,996 REFS 0,116 SQ.FT.
x MSFC 453 HMMC MCC ORB B2w2TIELIR1 E=-15 (vi7526) G2 JuL 16 REFL 0,646 Fl.
<] MSFC 453 MMC MCC ORB B2W2TIELR1 E=-30 (vi75623) D2 JUuL 70 REFS 6.405 FT.,
. . XMRF 0.a06
YMRP 6,000
INRF 0,045
REFERENCE FILE.
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LIFT COEFFICIENT, CL

MMC PHASE A STS MCDIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC Wi
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SYMEOL
*
X
Q

PITCHING MOMENT COEFFICIENT., CNM

CONFIGURATICN CESCRIFTION
MSFC 453 MMC MOG CRS E2W2TIEIRL E=
MSEC 453 MMC MCC OR3 E2W211E1RI E=
£z

5]
BSFC 453 MMC MCD QRS S2wW2TIEIR1 -

15
3G

REFERENCE FILE.

DATA SET DATE

(vi17625) G2 JuL 70
(v17526) 92 JuL 76
(v17529) 92 JuL 76

MACH NUMBER

0.996

REFERENCE INFORMATION

REFS 0.116 SO.FT.
REFL 0,646 FT.
KEFB 0,495 FT.
XHMRF 0,466
YMRF 0,095
ZMRF 0,045
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MHC_PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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4 NORMAL FORCE CCEFFICIENT, CN
" SYMBOL COHFIGURATION CESCRIFTION DATA &1 DATE MACH NUMEER REFERENCE INFORMATION
* MSFC 453 MMC ¥OD O%8 S2W2T1R1  E=OFF (E1702:) G2 JuL 70 1.199 REFS 0.116 SQ.FT,
X MSFC 453 MMC MCO ORB S2w2TIE1R1 £20 (E17625) G2 JuL 75 REFL 0.646 FT.
G MSFC 453 MMC MCC ORES B2W2TIEIRL Ez-15 (E17625) G2 JuL 74 REFS G.455 FT.
o MSFC 453 MMC MCC CRS 32W2TIEIRL E=-35 (E17623) G2 JUL 70 XMRF 0.406
R YMRF 9,650
_ ZMRF G.G45
REFERENCE FILE.
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MMC PHASE A STS MODIF IED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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9.5 05 .05 .10 15 .20 .25 .30 .38 .40 5 56
TOTAL DRAG COEFFICIENT., CO .
7 SYMEOL CORFIGURATION DESCRIFTICNH DATA SET DATE MACH NUMZER REFERENCE INFORMATION
* MSFC 453 MMC MCD ORZ S2WZTIR: E=OFF {W17624) G2 JuL 79 1.195 REFS 0,116 SQ.FT.
x MSFC 453 MMC HOC ORS B2W2TICIRY E=G (W17625) G2 JuL 76 REFL 0.646 FT.
(<] KSFC 453 MMC KCC ORp B2w2TiE1R! E=-15 {W17526) g2 JuL 750 REFB a.,40Gs FT.
©  MSFC 453 HHC MOD ORE B2w2TIf1R1 £2-30 (W17023) G2 JuL 70 XHRF 0,456
YHKF 8,660
ZHRF G.045
REFERENCE FILE.
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LIFT COEFFICIENT, CL

MMC PHASE A STS MODIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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LN

- -03.045 '.040 - 035 - D3D - 045 - 020 - 015 - 010 - 005 UGD 005 .010 015

PITCHING MOMENT COEFFICIENT, CNM

CONFIGURATICN BESCRIFTION

MSFC 453 MMC MCC ORS B2W2TIR1 E=CFF
MSFC 453 MMC MCC ORS BZWITIELR] E=0

MSFC 453 MMC MCC CRE B2W2TIEIRD £=-15
MSFC 453 MMC HOD ORB B2W2TIEIRL E=-30

REFERENCE FILE.

DATA SET BATE

(W17524) 02 Jul 70
twi7625) G2 JuL 70
(Wi7626) 02 JuL 79
(W17623) G2 JuL 79

MACH NUMBER
1.199

.020 .025 ,030

.035

040 045

REFERENCE INFORMATION

REFS 8.118
REFL 0.646
REFB 6,405
XMRF 5,456
YMRF 0,605
2MRF 6,645
PAGE

SQ.FT,
FT.
FT.

191



MHC PHASE A STS

MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC ThT
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)
NORMAL FORCE COEFFICIENT, CN
SYHEOL CONFIGURATION DESCRIFTION DATA SET DATE MACH NUMEBER REFERENCE INFORMATION
* MSFC 453 HMC MOC CRZ S2W2TI1R1 E=OFF (F17624) 02 JuL 75 2,745 REFS 6,116 SQ.FT.
x MSFC 453 MMC ¥CC CEZ E2W2TIE1R1 E=0 (F17525) G2 JuL 79 REFL 0.646 FT.
a MSFC 453 MMC HCD GRE 22W2TIELIRI E=-15 (F$7526) 02 JuL 75 REFB 0,465 FT.
¢ HSFC 453 MMC HCD ORET 52W2TIE1R1 Ez-35 (F175627) G2 JuL 79 XMRF 0.406
k 2 MSFC 453 MMC MCD ORE B2W2TIELIRL E=-30 (F17G6G29) G2 JyL 74 YMRF 5,959
. IMKF 6.045
REFERENCE FILE.
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MMC PHASE A STS MODIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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) TOTAL DRAG COEFFICIENT. CD
SYMEOL CONFIGURATION CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
. MSFC 453 MMC MOC GRS E2W2TIR1  E=OFF {X17624) 02 JuL 78 2.745 REFS 5.116 SQ.FT.
x MSFC 453 MMC MOC ORB BIwl2TIELRY E=0 (X17525) g2 JuL 76 REFL 0,646 FT.
a MSFC 453 MMC MCD ORE ECW2TIEIRL Ez-15 (X17626) 02 JuL 76 REFB 0.455 FT.
0 MSFC 453 HMC MCC ORB B2W2TIE1R1 E=-30 (x17527) 02 JuL 70 XHRF 5,408
¥ MSFC 453 MMC MCC ORB E2w2TIEIR1 E=-30 tx17623) 02 JuL 76 YMRE 8.650
. IMRF G.Gs3
RCFERENCE FILE. |
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HMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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PITCHING MOMENT COEFFICIENT, CNM

SYMEOL

m

<ODX»

CONFIGURATION CESCRIFTION DATA SET DATE
KSFC 453 MMC MCC ORB B2W2TiR1 E=CFF (X17G624) G2 JuL 79
MSFC 453 MMC MOD CRE SZW2TIEIR1 E=0 (X17525) G2 JuL 75
MSFC 453 MMC MCC ORE E£2wWZTIEIRY E=-15 (X17526) 92 JuL 70
MSFC 453 MHC HMCD QRS B2W2T1g1R1 E=-30 tX317627) G2 JyL 70
MSFC 453 MHC MOC ORB E2wWw2TIEIRI E=-30 {x17623) 62 JuL 70

REFERENCE FILE.

MACH NUMBER

2,745

REFERENCE INFORMATION

REFS 0.116 SQ.FT.
REFL 90.646 FI.
REFS 0.405 FT.
XHRF 9.406
YMRF 9.656
ZHRF G.645
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MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC TWT
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. NORMAL FORCE COEFFICIENT, CN
SYMEOL CONFIGURATION DESCRIFTION CATA SET DATE MACH NUMBER REFERENCE INFORMATION
* MSFC 453 MMC MCD CORB B2W2TIELIR! E=0O (¢17625) G2z WL 70 3.479 REFS 0.1316 SQ.FT.
x MSFC 453 MHC MCC ORB B2W2TIE1R! £z-15 (617626) G2 Jul 75 REFL 0.626 FT.
[<] MSFC 453 MMC MCC QRS E2W2TiEIR! g£=3-15 (G17628) G2 Jul 75 REFB G.465 FT.
(<] MSFC 453 MMC MCC ORB B2W2TIE1R1 £=-30 (617027 G2 Jul 70 XMRF 0.456
¥ MSFC 453 MMC MOC ORB B2W2TIELIRI E=-35 (G17023) G2 JuL 70 TMRF 0,000
IMKF 0,045
REFERENCE FILE.
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LIFT COEFFICIENT, CL

MMC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT

T T I N | T T s T T T T T T
o.s |
3]
o.8 -
0.7} =
: 3
0.6 -
0.5 -
0.4 T / 7]
0.3 -
[ / .
0.2 } s .
0.1 ¢ 7]
: u
s .
0.0 g 7
“0.1 -
-0.2 -
[ -
b -
} b
-0.3 ¢ ]
~0.4 T "
: -
-0.5 _ . —a . —as — . - . —
-00 .05 »10 <20 .25 .30 «35 40 43 50
TOTAL DRAG COEFFICIENT. CD
SYMEOL CONFIGURATION DESCRIFTICN - DATA SET DATE MACH NUMEER REFERENCE INFORMATION
* MSFC 453 MMC MOD ORB S2W2TIEIR! E=0 (Y17525) g2 JuL 70 3.473 REFS 0.116 SQ.FT.
X MSFC 453 MHC MOD CRB BZwW2TIEIR! E=-15 {Y17G626) G2 JuL 79 REFL 0,646 FT.
<} MSFC 453 MMC MCO ORB E2W2TiE!R1 E=-135 {Yi7528) £2 JuL 19 REFB 0,455 FT.
(<] MSFC 453 MMC MCDC ORS E£2WZTILIR! E=2-30 (yYi?527) 902 JuL 780 XMRF 0,456
v MSFC 453 MHMC HCD ORE B2W2TIELIRD E£3-30 (¥17623) G2 JulL 79 YMRF 8.600
ZHRF . G,045
REFERENCE FILE.
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MHC PHASE A STS MODIFIED ORBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT
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PITCHING MOMENT COEFFICIENTs CNM
SYMROL LONFIGURATION DESCRIPTION DATA SET DATE MACH NUMBER REFERENCE INFORM‘.TION
& WSFC 453 MMC MO ORS B2W2TIEIR1 £25 (r17025) G2 JUL 75 3.479 REFS  0.116 Sd.FT.
i ESFC 453 MMC MCC QRS B2W2TIELIRY £=-15 (Y17526) G2 JuL 75 REFL 0,646 FT.
@  WSFC 453 MMC MCO ORG E2W2TIEIRI E=-15 (Y17028) G2 JuL 76 REFE 0,405 FT.
[} WSFC 453 ¥MC MOC CRS B2W2TiZiR1 E=-30 (Y17627) G2 JUL 76 XMRF 5,406
¥  KSFC 453 MMC MCC GR8 B2wW2TIELRL £=-30 (Y17625) 62 JuL 76 YHRF 0,569
- ZMRF G,045
. REFERENCE FILE.
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PITCHING MOMENT COEFFICIENT, CNM
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MMC_PHASE A STS MODIFIED GRBITER CONTROL EFFZCTIVENESS TESTS AT MSFC TYT
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NORMAL FORCE COEFFICIENT., CN
SYMEOL CONFIGURATICN DESCRIFTION DATA SET DATE MACH NUMEER REFERENCE INFORHAI"ION
* " MSFC 453 MMLC MOD COR3 B2W2TIR1 E=QFF (H17624) g2 JuL 70 4,960 .REFS 0,116 SQA.FT.
x MSFC 453 ¥MC MOD OR5 E2W2TIE1R: E=0 (H17525) G2 JutL 76 REFL 0,646 FT,
[ <] MSFC 453 MMC MOC Or3 E2W2TI1ELIRY E=-15 (H17526) G2 JuL 70 REFE 0,455 FT.
[} MSFC 453 MMC MCD CR2 EB2W2TIELR1 E=-35 {H17G27) g2 Jul 76 XMRE 5,4G6
¥ KSFC 453 MMC MCG ORB £2W2TIELR1 E=-30 (H17629) 62 Jul 76 RF 0.556
) NEF  6.045
RSFERENCE FILE.
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LIFT COEFFICIENT,

0.9}

LI S | ¥ LANRRE B B J LA SN 2N } ¥ ¥ 7 T

MHC PHASE A STS MODIFIED ORBITER CONTROL EFFEFTIVENESS lTESTS, AT MSFC THT

T [ I L} ¥ L ¥ ¥

L g

1111

IBERENEEX]

LAt t

[ W ]

.

X

LAn ua o 4

L1048

0.0 1 Iy i
5 o
s i
0.1 | .
| -4
[ 3
-0.2 | ]
.0'3 4 -
2 -l
L -
-0.¢ | .
: .
05 6g .05 .10 15 .20 .25 .30 T 40 45 .50
. TOTAL DRAG COEFFICIENT, COD
SYMEOL CONFIGURATION CESCRIFTION DATA SET DATE MACH NUMBER REFERENCE INFORMATION
®  MSFC 453 MMC MOG ORE E2W2TIR!  E=OFF (217524) G2 JuL 76 4.960 REFS  0.116 SQ.FT.
b 3 MSFC 453 MMC MOD CRB SZWZTIELIRL E=G (2376G25) g2 Juk 70 REFL 0,646 FT...
@ MSFC 453 MMC MCD RS SEweTiEIR1 E=-15 (Z17526) 62 JuL 75 REFE 0,495 FT.™
[<] KSFC 453 MMC MOC CR3 SZ2W2TiEIR1 E=-35 $212927) g2 Juk 76 XMKF G.456 .
¥ WSFC 453 MHC MO CRE 22W2TIEIRL E=-30 (217623) gz JuC 79 YMRF  0.600
- ZMRF 6,045
REFERENCE FILE.
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S

-

C PHASE A STS MODIFIED GRBITER CONTROL EFFECTIVENESS TESTS AT MSFC THT

o

- .l Ti1 TTT1T7V TITTT YT °7 TTE§d LR IR ] LIE B TT T3 [ yiri TTF7T T 567 F¥rTa FTi1 LN TITT T T LI B I
s .. ]
KK N, .
0.8
4 -
! ]
2 -
< -
°l7 3
1 ]
0.6 |
u‘s L
J [ N
O o4f .
— : ]
Zz 037 .
g L .
— d
'e) [ R
— 0,2
w : .
L { N
lg [ R
o osf R
- s 3
™ ! N
— 0.0
4 f :
-0.1 | -
.D-2 a2 -
Y o
,—0.3 [ "
; ¢ N
B ‘o.‘ -
“0:5045 -.040 -.035 -.030 -.025 -.020 -.015 -.010 -.005 .000 .005 .010 .015 .020 .025 .030 .035 .040 .045
. PITCHING MGMENT COEFFICIENT, CNM
STYHEOL CONFIGURATICHN DESCRIFTION DATA SET DATE HACH NUMBER REFERENCE INFORMATION
. KSFC 453 MMC MOC ORB B2W2TIR1  E=CFF (Z17624) G2 JuL 76 4.960 REFS 0.116 S2.FT.
x MSFC 453 MMC MCC CRE EZW2TIELIR! €20 €217525) G2 JuL 76 REFL 0.646 FT.
<] MSFC 453 HMC MCC ORD BE2W2TIELRY £=-15 €217526) g2 JuL 76 REFB 0,465 FT.
° MSEC 453 MMC MCC GRS B2W2TIEIR1 E£z-30 t217627) 02 JuL 75 XMRF 0.456
¥ MSFC 453 MMC MCC ORS E2w2TIEIRL E=-35 (217529) G2 JuL 75 YHRF 0,655
ZMRF 6.045
FEFERENCE FILE.
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